N SZ 57656 



TECHNICAL KSKORAHDUMS 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



No, 656 



DYPAKIC TESTING OP AIRFLAilE SHOCK- ABSORBING STRUTS 
By F. Langer and W. Thome 



Zeitschrift des Vereines Leutscher Ingenieure 
Vol. 75, No. 45. November ?, 1931 



Tfashingt on 
January, 1932 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
TECHNICAL ME^^bRANOTK: NO . 6;5.6.* ; ;■ ; } 



. DYNAMIC .TE.S.TING OF -AIRPLANE/ SHOCM-isOE 

"By ..P, Langer 'and iW:. iTJiom^ : 



.: . .SUMMARY ■ . : . ;-. / . J:, • 

Measurement of perpendicular impac..t s* :bfv;;a'- ianding gear 
with different .shock-ah.so:rbing. ;st:ruit:s agadn-s.t the- drum tes.t 
ing stand.- T.ests were, made* wi.th pneumat Ic. .shock, absorbers* 
having, various .degrees, .of- damping , :llqu,id' shock- abs.orbers , ■ 
st eel-.sprtng shock .absorbers- and r.igld-. sferuts... • Falling 
tests and rolling .tests. * Maximum impact .and- gradual re--- 
■duction of. the impacts in number and time in; the falling 
tests.. Maximum' impact and number of w.eaker .impacts in the 
rolling ,tests.v. 

The _ob j ec:.t .of the .test.s was. the determination of the 
shock-absorbing characteristics of different airplane shock 
absorbing strut s,** 

For the .tes.ts there were, placed at our disposal: 

lo - One Rheinmeta,ll Fa.udi pneumatic shock abs-orb.er. 

A. (Fig. 1.). . 

.2 . . One- each .of Rheinmeiall; Faudi : pneumat ic- shock 
absorbers B and- C • . . .^(Fig. "'2.) 

• 3o One Rheinmetall liquid shock absorber; (Fig.- 3.) 

4, One steel shock absorber with a helical spring of 
-.32 mm (1.26 in.), wife, a mean coil diameter of 
. . 156 mm (6.15 in.) .and 16 turns. 

.■5, One rigid tubular . strut . 



* "Dynamische tint ersuchung von Flugzeugf ederbeinen . " 
Zeitschrift des Vereines deutscher Ingenieure (V.D.I.), 
November/?", ' 193lV pp.' r3'88-l'389. ' 

** The- investigati.on was undertaken at ' this: request- of' the * 
Rheinmetall' Company on a test"s'tahd" in their f'actbry at 
Dusseldorf-Derendorf . 
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The following method was employed in testing the pneu- 
matic and liquid shock ahsorheirs :" 

Pneu matic sh oc k absorher A (fig, i).- The air cushion 
in the compression cylinder exercises the damping effect. 
When -i^th-e ;p ist on is •. dr iven in air f lows into the. .f ree space 
on" the upper side of the piston through snifting valves and 
forms a cushion f of the; piston, tv.:. , ••;7 

Pneumatic s hock^absor'ber B (fig. 2) The compression 
space -f a^ is divided "by a ;;par tit ion e into two separate 
compression chambers a and a^* This part it ion. has two opeit- 
. ings .f of 5 mm (>Q.2..:\n.) ( .008. -in. ) ^diameter- and se-veral 
ope-nings g which. -.are' closed by a rub.ber /pad. ^When the * 
piston is driven. i33i- the air ;is .cpnde.%sed in . chaiQbe.r:S a^^and 
ag,- raise.s the pad:, and flows through .the openings-, g. As 
the strtit lengtheins again, , the Tubber. -..pad closes the ..open-, 
ing^ g;,. the air .gen.erally. expands . in , the -.q empress ion cha:m- 
ber. a^^ and the air flows from the ;c pmpxe-ss ion.:cha:mber ag L'. 
through. the thrott le ■ openings .... f = ^lntq> .<:.hamber- . .-a j^;. .The. : 
pneumatic shock absorbers B and C, however,, have only .—, 
one opening f of 5 mm (0.2 in.) in the partition of the 
compress ion cylinder < 

Liquid shock absorber (fig* 3) ,- Wh'e^n the- p-ist-on is 
driven in, the air in the space a is condensed; the liq- 
uid flows, .thor^ough the annular opening:, -b,- whose cross' sec- 
tion is controlled by the spindle c, into the space a 
with increasing thrott ling.-. efif.ec t . 

Tes t ing mechani sm.- This is shown in Figures 4 and 5. 
The frame representing an airplane- fuselage- with a loading 
box b was hinged on one side and was supported on the 
other side by two struts d and the shock absorber with 
the wheel resting on the drum f of 2.S2 m (7.61 ft.) di- 
ameter. This drum could be provided with an obstacle and 
was driven by a belt from an electric motor. The total 
weight of the frame with load. was 4000. kg (8818 lb.)- On 
the loading .weight , at the O.Gr*, of the entire system, was 
placed the Langer-Thome acceleromet er g with various 
pendulums and cable connections with a recording magneto 
on a side table. The distance of the acceleromet er from 
.the axis of rotation of the frame was 2.1 m (6.89 ft.). 

Th e tests.- The airplane shock-absorbing struts were 
tested by measuring the' force of the impacts in falling and 
rolling tests. In the falling tests, with the drum, at rest, 
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the frame was raised ty me-ans .of a hook .and a.lrlow.ed' to 

tail freely hy releasing the hook. Meas-urements were . ' 

made of the falling distance h ("between the top o't the 
drum and the hot torn of the unloaded- tire (f.ig..4)) and of* 
the force" of perpendicular impact of the fixselage from 
different' height's at ' the location of the accelerometer. 

In the rolling tests the fram.e was first raised so 
high that the ohstacljB on the revolving drum could pass 
under the t ir e with ahout . 5 ; mm (0.2 in. ) clearance. The 
obstruction was a cam 1-35 mm (5.31 in.) high with, tangen- 
tial approaches and covered ahout one-third of/.the. circum- 
ference of the . drum. The drum was given -a revolut ion . speed 
corresponding .to ..the desired init ial rollii^g . speed;- the 
electric motor 'was switched of f .the -frame .wgts. allowed to 
fall hy- Vei easing ■ the hook; and the whole syst em- ;( frame , .-. 
drum, "belt and motor), allowed to run until stopped. .by -it.s 
own resistance. The 'perpendicular impact forces were meas- 
ured by the ac c el er omet er . The rolling test represents the 
impacts of an airplane in taking off- -and in landing. 

. Experiment al, r esults.- The maximum accelerations and- 
retardations in the first impact_from various heights and- 
the redt^ction i.n the impact force according to the number" 
and time are decisive for the appra&ial of the shock ab- 
sorbers according "to the. results of the falling tests. -The 
plotted values for the. shock absorbers tested are compared 
in Figures B to 8. The pneumatic shock absorbers A, B and 
C and the liquid shock absorber are. equivalent . as- regards 
the maximum accelerations and retardations in the first- Im- 
pact. (Fig. 6.) The impact forces diminish most rapidly 
with the pneumatic shock absorber C and the liquid shock 
absorber, and indeed equally fast for both. With* the pneu- 
matic shock absorbers A and B, the steel-spring shock 
absorber and the rigid strut, the impacts diminish more 
slowly for the lack of sufficient damping. (Pigs. 7 and 8.) 

According to the results of the rolling tests, prima- 
rily the maximum inpact and secondarily the frequency of 
the weaker impacts are decisive for the appraisal of the 
shock absorbers. The acc eler ome t er records were therefore 
evaluated according to the number of impacts. Hence a 
count was made of how often, during the whole run, the im- 
pact forces exceeded the magnitudes corresponding to the 
individual extensions of the measuring pendulums. Against 
the thus-det ermin-'^d nuriber of impacts (for each run) as ab- 
scissas, was plotted the magnitude of the corresponding im- 
pact forces (in terms of the acceleration) as ordinates. 
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In rigur.e.9 the. maximum- impact s of; the . various shock 
ahsorhers recorded in the rolling- VestsV are plotted against 
the initial: rolling ' speed; ' 

The w^ll--damped . pne-diaatic** shock ahsorher C showed 
the smallest maximum . impact g For ' example, while the im- 
pact of 40 m/s2(l3l.2 ft/sec3) was first reached with the 
pneumatic shock ahsorher C sit an initial ' rolling speed 
of 93 km/h (57 .8 mi./hr.)> this impact Qccurffed with the 
pneumatic, shock ahsorher B at 8 5 km/h ( 53 'mi . /l^i" • ) > 
.with the. .1 iquid shock ah&orher at "63 km/h ( 3' 9.. 2" mi./hr.)i 
with the st eel-^*sp'ri-ng- shock ahsorh'er at 50 km/h (31 mi. 
/hr.).» with the-, pn-eumat ic shock absorber A at 43 km/h 
(26..:-7 mi^/hr. ) »:;;ah.d with the rigid' strut at only .3.5 km/.h 
,j(21;..8- mi./hr . ) ...v. '.n?h.e almost undamped pneumatic shock ab- 
sorber A already showed at . an initial ro.li'ihg'. speed of 
.43: km/h (26..1 ml./hr.), such violent resonance y i.bra.'t ions 
that;, the tests with this shock-absorber hatt' to' 'fib* disc on- 
tinued-, . '* .... . 

The frequency curves found by the enumeration method 
for the;, vaTiPl^sr ..shock absorbers- at the init ial' fpll ing 
speeds of 30, , 6G;and 90 km (18.6,. 37,3 and 55 •9* miles ) per 
hour. are compared in Figs. 10-12. The impact s " are the 
weakest with the well-damped piieumat ic* shock absorber C, 
the comparison of which with the rigid strut shows plainly, 
how large the gain obtained by the pneumatic shock abflorber 
is. In the appraisal of the shock absorbers, the most 
weight must ^be given the results of the roiling tests. 
Pneumatic shock absorbers with adequat e damping were found 
superior to all the other shock -absorb-ers tested. 

Translation by- Dwight M. Miner, 
National Advisory. Committee 
for Aeronautics . 
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rigs.l, 2.3,4,5. 

Flgs.l a 2 
Hheinmotall-S'aiiii 
pneumatic shock 
absorters for air- 
plane e. 

a , a^ f a2 , cylinders 
filled with conw 
pressed air. h, 
snifting valve, 
c, pi 8 ton. d, rob- 
ber cushion, e, 
partition, f, open- 
ings in partition 
e. g, openings in 
partition e, clos- 
able by h. h, rub- 
ber paid. 

Fig. 3 
Bheinraetall-7aiidi 
liqpiid shock ab- 
sorber, a, pistont 
comprAssed air 
above, liquid 
below, b, amralar 
opening, c, spindel. 



lig. 5 



7ig8.4 a 5 

Mechanism for test- 
ing shock abcorbere. 

a, frame represen- 
ting aii-plaae fase- 
la£;e. b, loading box. 
c, hin^e. d, strut, 
e , shock>->ab sorbing 
strut, f, drum, g, 
accelerometer. h, 
falling height. 
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Figs. 6, 7, a 
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a, Rigid stut 

*b, Steel- sT)ring shock ahsorher 
c, Liquid shock atsorter 
d^Pnetunatic shock ahsorter A 

e, » , " " • B 

f, " " " C 
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Fig. 6 Comparison of shock absorbers according to falling tests', 
first impact at various heights. 
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Figs. 7, 8 Diminishing of impacts according to number and time in 
falling tests. 
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Figs. 9,10,11,12 



a, Rigid strut. 

"b, St eel- spring shock 

a"b sorter, 
c, Li quid shock at sorter. 




0 40 80 
Rolling speed, km/h 



d, Pneumatic shock 
atsorber A. 

e, Pneumatic shock 
atsorher B. 

f, Pneuiflatic shock 
ahsorher C. 



Fig. 9 Comparison of shock ahsorhers according to rolling tests. 
Maximum impact during run at various rolling speeds. 
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Fig. 10 Number of impacts' 
at 30 'km/h 
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Fig. 12 Number of im- 
pacts at 90 
km/h. Rigid strut, 
steel- spring shock 



Figs. 10, 11, 12 



impacts at 
60 km/h. Rigid strut, 
steel- spring shock 
absorber and pneumatic absorber, pneumatic 
shock absorber A shock absorber A 

could. ntt be used. and liquid shock 

absorber could not 
be used. 

Frequency curves for shock absorbers at various rolling 
speeds. 



